Introduction
Introduction of the hydrogen bonding concept contributed considerably to understanding of acidbase interactions in non-aqueous media. In the past there were many studies on the formation of Hbonded complexes between amides and various acids in organic solvents. Although primary and secondary amides have been investigated extensively, tertiary amides gained far less attention. Tertiary amides are good solvents for many inorganic and organic compounds. They may be useful as model compounds for biological systems as well. To gain more information on the basicity of tertiary amides in this work we studied interactions of 5 N,N-dialkylacetamides and N-acetylmorpholine with phenol, o-chlorophenol, ra-chlorophenol, p-chlorophenol, 2,4-dichlorophenol, 2,4,5-trichlorophenol, 2,4,6-trichlorophenol, pentachlorophenol, o-nitrophenol, m-nitrophenol, p-nitrophenol in carbon tetrachloride solutions.
Experimental

Solvent and reagents
EOCh Gliwice reagent grade carbon tetrachloride was purified as described by de Maine [1] . It had the boiling temperature 76. 6-76.8 °C. N,N-dialkylamides were prepared according to the literature 2 and purified by distillation under diminished pressure several times prior to use. Their infrared spectra and various properties agreed with those reported previously for these compounds [2] [3] [4] . N-acetylmorpholine was prepared and purified in the same way.
Reagent grade phenol (FOCh, Gliwice), o-chlorophenol (BDH, England), p-chlorophenol (VEB Requests for reprints should be sent to Dr. E. Kwiatkowski, Institute of Chemistry, University of Gdansk, ul. Sobieskiego 18, 80-912 Gdansk, Poland. Berlin) and 2,4-dichlorophenol (Schuchardt, Mün-chen) were redistilled under diminished pressure through a fractionating column; middle fractions being collected. The other phenols: 2,4,5-trichlorophenol (Merck), 2,4,6-trichlorophenol (Koch-Light), pentachlorophenol (Merck) and nitrophenols (FOCh Gliwice) were recrystallized from carbon tetrachloride. Physical constants of the purified compounds were consistent with the published data [5, 6] .
Measurements
Spectrophotometric measurements were made on a VSU-2P Carl Zeiss Jena Spectrophotometer equipped with a constant temperature cell housing. All measurements were made at 25 °C. Throughout the experiments 1 cm cells were used. Ranges of total reagent concentrations were as follows: phenol Calorimetric measurements were made on a semimicrocalorimeter Type I No. 2 constructed by the Institute of Physical Chemistry of the Polish Academy of Sciences described earlier [7] . Phenol and amide solutions were mixed in a closed duraluminium vessel, immersed in a neutral calorimetric liquid, decane, placed in a Dewar vessel together with a calibrated thermistor 0.001 °C, an electric heater, a water cooler and a stirrer. Details of the experimental procedure were the same as described by Wöycicki et al. [7] , Dielectric constants of the amide solutions were measured by the "Radiometer Type CMB 116 Copenhagen" Capacitance Meter, working on the bridge principle, using a cylindrical silver-plated capacitor.
The refractive indices were determined by the use of the Carl Zeiss Jena Abbe Type refractometer. All measurements were made at a constant temperature of 25 ± 0.05 °C.
Calculations
Stability constants, Krr, of the 1:1 complexes have been calculated from deviations in absorbancies as described recently [8] . The basic equation of the method [8] has been modified by using mole fractions instead of molar concentrations.
Enthalpies of adduct formation were corrected by enthalpies of dilution of the both reactants and by the heat evolved during a breakdown of a glas membrane which separates the phenol and the amide solutions before reaction in the calorimetric vessel. Molar enthalpies of adduct formation, A H°, have been calculated using the equation of Bolles and Drago [9] . The equation allows to find the molar enthalpy of formation and the stability constant simultaneously from calorimetric data only. The statistical analysis of the data showed that inserting into the equation the spectroscopic value of the stability constant resulted in a considerable decrease in error of the molar enthalpy of formation. This procedure allowed us to obtain values listed in Table III . Dipole moments of the three amides studied were evaluated by the method of Guggenheim and Smith [10, 11] , 27 kTM (ae -an)
where k is Boltzmann's constant; N, Avogadro's number; M, the molecular weight of the amide; d and e represent the density and dielectric constant of the solvent at temperature T, respectively; a£ and an represent the slopes of a plot of dielectric constant and square of refractive index, respectively, against weight fraction of the amide in the solution. Results of the dipole moments determinations are given in Table I . 
Remarks on Simultaneous Equilibria
It is well recognized that phenol is associated partially in carbon tetrachloride solutions. Its IR and NMR spectra are consistent with the hypothesis of the monomer-trimer equilibrium. The value of trimerisation constant equal to Ktr =12 has been reported [12] . For m-and p-chlorophenols, which dimerize in carbon tetrachloride solutions, the dimerization constants have been found to be Kdi = 9 ± 4 [13] . o-Chlorophenol, however, at concentrations lower than 0.06 mole/dm 3 does not associate at room temperature [13] .
Let us consider the effect of self-association of phenol on the formation constant of the 1 : 1 phenolamide complex. Let us denote the amide by B and the phenol by A. Assuming the following equilibria in solution
and denoting
we obtain the following relation
where Ksimpi is the formation constant of AB in a simplified system where the equilibrium ( Denoting the equilibrium constant of (5) by Ki = A ---we obtain "trans
if only the trans form is the reacting species, and
if the both forms react with amide.
Results and Discussion
Addition of an amide to the phenol solution results in a red shift of the first phenol band of the ultraviolet part of the spectrum. The observed spectral change is due to complexation of phenol by the amide. Assuming the 1 : 1 stoichiometry of the complex formed we used for our experimental results the graphical procedure of Rose and Drago for solving of the following absolute equation to verify the assumption
where z is the deviation from the additivity of absorbancies, Ae is the difference in molar absorptivities of the complex and the sum of molar absorptivities of the both reactants, CA and CB are the total concentrations of A and B respectively. We obtained in this work sets of Rose-Drago curves which intersect sharply in common points. Ordinates of these points were independent of the wave length. A few representative sets are given in Figs 1-4 .
Points of intersection common for all the curves and the independence of their ordinates on wavelength support the hypothesis that 1 : 1 complexes were formed. Stability constants of the 1 : 1 complexes were determined numerically [8] and are listed in Table II. It is apparent from Table II amides may be accounted for by a strong intramolecular hydrogen bonding between hydroxyl and nitro group and that amides are too weak bases to break it. Substituted phenols with the chlorine atom in the ortho position form complexes of lower stability than their isomers. This difference may be due to the presence of "eis" and "trans" forms in solution. Then, however, arises the question if only the open "trans" form reacts with amides or if both forms do. Results of the present work show that a hypothesis of the two reacting species is more justified. The hypothesis is based on the experimental observation that not only mono-orthosubstituted compounds: o-chlorophenol 2,4-dichlorophenol, 2,4,5-trichlorophenol, but also diorfÄo-substituted compounds: 2,4,6-trichlorophenol and pentachlorophenol react with amides. The two latter compounds dissolved in carbon tetrachloride can exist only in a "eis" form with intramolecular hydrogen bonding. In compliance with expectations these compounds form weaker complexes than morio-or^o-substituted chlorophenols. As it has been shown by Equation (7) Table III show that N-acetylmorpholine is a weaker base than N,N-dialkylamides. It exhibits also a lower electric dipole moment than the latter compounds. This correlation between dipole moment and basicity reflects the fact that the electrostatic dipole-dipole interactions in the phenol-amide complexes contribute essentially to the energy of hydrogen bonding.
